BACKGROUND: Secondary peritonitis of colorectal origin has considerable morbidity and mortality. Relaparotomies are frequently neccessary in the course of the disease. The objective of this study was to evaluate several scores in terms of their predictive value, i.e. whether Mannheim Peritonitis Index (MPI), Acute Physiology And Chronic Health Evaluation (APACHE) II, or Colorectal Physiological and Operative Severity Score for the Enumeration of Mortality and Morbidity (CR-POSSUM) scores can predict relaparotomies. METHODS: Charts of 147 patients treated for secondary peritonitis of colorectal origin were retrospectively reviewed, MPI, APACHE II, and CR-POSSUM scores were calculated, and groups of patients with or without relaparotomies were compared. RESULTS: Thirty-four percent of patients underwent one or more relaparotomies. Patients with relaparotomies showed a significantly higher APACHE II score than patients without relaparotomies (p = 0.004). MPI (p = 0.072) and CR-POSSUM score (p = 0.319) did not differ between the two groups. A high APACHE II score was also significantly associated with the need for a relaparotomy on demand (p <0.001), and for the combined outcome parameter relaparotomy and/or an interventional drainage (p = 0.046). Both other scores were not predictive for these outcomes. Overall in-hospital mortality was 21.8%. All three scores investigated were predictive for mortality. Sensitivity was 62.5%, 78.1%, and 75.0% for MPI, APACHE II score, and CR-POSSUM score, respectively. CONCLUSION: The Acute Physiology And Chronic Health Evaluation II score might be helpful in predicting the need for relaparotomies in patients with secondary peritonitis of colorectal origin.
Introduction
Secondary peritonitis of colorectal origin has considerable morbidity and mortality. Due to a breach in the integrity of the colonic wall, significant contamination of the abdominal cavity occurs that cannot always be fully mastered during the first operation. Therefore, relaparotomies are frequently performed in the course of the disease. A relaparotomy may be planned during the first operation performed for secondary peritonitis (so-called index operation) to repeatedly clean the abdominal cavity in case of extensive pollution with intestinal contents (planned relaparotomy; PR), or may be required due to signs of persistent peritonitis or other complications (relaparotomy on demand, ROD). Different scoring systems have been developed to quantify the extent of peritonitis and to predict its outcome. The Mannheim Peritonitis Index (MPI) was constructed to predict the individual risk of death due to peritonitis based on patients' characteristics, organ (dys)function, risk factors, and intraoperative findings [1] . The Acute Physiology And Chronic Health Evaluation (APACHE) II score was modeled as a general measure of severity of disease and to predict the in-hospital mortality of patients on intensive care units. The APACHE II score is calculated based on physiologic parameters, age, and a chronic health evaluation [2] . Finally, the ColoRectal Physiological and Operative Severity Score for the enUmeration of Mortality and morbidity (CR-POSSUM) was developed as a risk score dedicated to colorectal surgery in the United Kingdom [3] , and has subsequently been evaluated for the United States as well [4] . Based on a physiological score and an operative severity score, the individual mortality risk is predicted [3] . All these scores have been validated to reliably predict mortality. However, data on whether these scores can also predict the need for relaparotomies or other reinterventions is very scarce [5, 6] . As the need for a relaparotomy is closely related to the magnitude of the disease, we hypothesised that high MPI, APACHE II, and CR-POSSUM scores could be correlated with the need for one or more relaparotomies. Therefore, the objective of the current study was to evaluate whether the MPI, APACHE II, or CR-POSSUM scoring systems can predict relaparotomies.
Patients and methods

Patients
A consecutive series of patients treated for secondary peritonitis of colorectal origin at the University Hospital Basel between 1 January 2001 and 31 December 2006 was identified using a hospital database. We performed a retrospective (post-hoc) analysis of available data: By chart review, pertinent data on patients' characteristics, parameters for the calculation of scores, and information on the postoperative course were recorded and stored in an electronic data sheet (Excel for Macintosh X, Microsoft Corporation, Redmond, WA). Secondary peritonitis of colorectal origin was defined as an intra-abdominal infection due to breach in the integrity of the colon or rectum (perforation, infection, ischaemia, or as a result of previous surgery) [7, 8] . Patients with perforated appendicitis, with complicated diverticulitis exclusively treated percutaneously, and with abdominal trauma were excluded from this analysis. Patients with secondary peritonitis underwent (re)laparotomy, extensive lavage of all four quadrants, and control of the source for the peritonitis. In cases where the source control was not feasible or not guaranteed, a PR was invariably scheduled. A laparostoma was created when the intraabdominal pressure was found to be too high during the index operation or when a PR was scheduled. The index operation was defined as the first laparotomy performed for the secondary peritonitis. Therefore, in case of postoperative secondary peritonitis, the second laparotomy is the index operation. For comparisons, different groups were defined as follows: patients with (one or more) relaparotomies (relaparotomy group), patients without relaparotomy (no relaparotomy group), patients with a relaparotomy and/or an interventional drainage (relaparotomy-intervention group), patients without any relaparotomy or interventional drainage (no relaparotomy-intervention group). Characteristics of the patients' population are given in table 1. The study was approved by the regional ethical committee before the data was collected.
Scores
The MPI is calculated at the time of the index operation based on patients' characteristics (age and sex), organ function, risk factors (malignancy), and intraoperative findings (origin of peritonitis, nature and spread of the exsudate). It may range from 0 to 47 points; a higher numerical score is correlated with increased mortality [1] . The APACHE II score is calculated based on twelve different physiologic parameters recorded 24 hours after the index operation, age, organ function, and immunocompetence. It may range from 0 to 71 points; an increasing score is correlated with a higher subsequent risk of in-hospital death [2] . The CR-POSSUM is determined at the time of the index operation based on age and five different physiologic parameters (physiological score), and four parameters describing, severity, type and urgency of the operation performed (operative severity score). It ranges from 10-44 points, higher scores again being correlated with higher in-hospital mortality [3] . For this study, all scores were retrospectively calculated based on the recorded parameters. Infrequently, information on some parameters was missing. In these cases, values were assumed to be within the normal range. Thus, any "overscoring" was avoided [9] .
Statistical analysis
Statistical analysis was performed with SPSS 13.0 for Macintosh (SPSS Inc., Chicago, IL). For descriptive statistics median values with ranges are given. Continuous and interval scaled variables were analysed with the MannWhitney U-test, and categorical variables with the χ 2 -test. Sensitivity analysis was performed with receiver-operator characteristic (ROC) curve analysis; the respective median score of the entire patient population was used as cut-off value. A p-value <0.05 was considered to be significant. All p-values were two-sided.
Results
Relaparotomies
One hundred forty-seven patients were treated for secondary peritonitis of colorectal origin at our institution during the six-year period investigated (table 1) . Fifty patients (34.0%) received one or more relaparotomies (relaparotomy group). Patients with relaparotomies showed a significantly higher APACHE II score than patients without relaparotomies (n = 97, 66.0%; p = 0.004). However, MPI and CR-POSSUM scores did not differ between the two groups (table 2 ). In addition, the relaparotomy group had a significantly higher mortality rate than the no relaparotomy group (32.0% vs. 16.5%, p = 0.031), a significantly higher American Society of Anesthesiologists (ASA) score Image-guided interventional drainage of intraabdominal abscesses may replace relaparotomies under certain circumstances. We therefore compared the group of patients with a relaparotomy and/or an interventional drainage (relaparotomy-intervention group, n = 55) with the group of patients necessitating neither intervention (no relaparotomy-intervention group, n = 92). Like the relaparotomy only group, the relaparotomy-intervention group had significantly higher APACHE II (p = 0.046), and ASA scores (p = 0.006), and a longer LOS (p <0.001) than the no relaparotomy-intervention group. Patients in the relaparotomy-intervention group had a trend towards higher mortality (29.1% vs. 17.4%; p = 0.096). No differences were found for MPI and for CR-POSSUM (p = 0.219, and p = 0.340, respectively), for age (p = 0.256), gender ROC curve. Sensitivity and 1-specificity for the prediction of a relaparotomy are plotted against each other for the different scores evaluated. At a cut-off score of 14 the APACHE II score shows a sensitivity and a specificity of 66.0%, and 54.6%, respectively.
(p = 0.537), and aetiology of the secondary peritonitis (p = 0.108).
Planned relaparotomy
For 17 patients (11.6%), the surgeon decided during the index operation to perform a subsequent planned relaparotomy (PR). This relaparotomy actually was performed in 14 patients (9.5%); three patients died before the planned relaparotomy could be performed. The overall mortality rate in the PR group was 35.3%.
Relaparotomy on demand
If the surgeon plans a PR after the index operation, this decision will very infrequently be overruled by any scoring system. We therefore investigated whether scores might be helpful for the prediction whether a relaparotomy on demand (ROD) will be performed or not. For this analysis, all PR cases were excluded (n = 17), and patients with a ROD performed (n = 33) were compared to patients without ROD (n = 97). Patients with ROD had significantly higher APACHE II scores than patients without ROD; MPI and CR-POSSUM scores were not different between the two groups ( 
Discussion
The present investigation provides suggestive evidence that the APACHE II score might be helpful in predicting the need for relaparotomies in patients with secondary peritonitis of colorectal origin. Patients with one or more relaparotomies had a significantly higher APACHE II score (p = 0.004) than patients without relaparotomy. Two other predictive scores evaluated, MPI and CR-POSSUM, did not show an association with the need for relaparotomies. Moreover, our data confirm previous observations that relaparotomies are frequently performed for secondary peritonitis of colorectal origin: more than one third of our patients received one or more relaparotomies. Finally, overall in-hospital mortality was found to be high; more than one fifth of patients did not survive. Secondary peritonitis of colorectal origin has a considerable mortality. We found a median APACHE II score of 14 in our series, which corresponds to an expected (calculated) mortality rate of 18.6% [11] . This is very close to the observed mortality rate of 21.8%. Vermeulen and co-worker [12] described a 27% mortality rate in 200 patients with perforated diverticulitis. In a prospective multicentre study, Wacha et al. [13] analysed 355 patients with secondary peritonitis of any origin. While the overall mortality was already high (17%), secondary peritonitis of colorectal origin was the leading cause of death with a mortality rate of 20%. Different scores have been modeled to predict mortality for patients with peritonitis (e.g. MPI) [1] , for patients in an intensive care unit (e.g. APACHE II) [2] or for patients undergoing colorectal surgery (e.g. CR-POSSUM) [3] . All three scores investigated in this study significantly and reliably predicted mortality (i.e. the outcome parameter they were designed for); sensitivity of the scores ranged from 62.5% to 78.1%. This observation underlines the robustness of the scores to predict mortality as well as the validity of our patients' sample. While the severity of the disease is mirrored by a high mortality rate and a high rate of relaparotomies or imageguided interventions, surgeons in clinical practice are often confronted with the question whether a relaparotomy is needed in a patient with secondary peritonitis of colorectal origin or whether this will only increase the surgical trauma and prolong the length of stay. As the need for a relaparotomy is closely related to the magnitude of the disease, we investigated in this study whether high MPI, APACHE II, and CR-POSSUM scores might be correlated with the need for relaparotomies. If our hypothesis holds true, these scores might facilitate the decision-making concerning an eventual relaparotomy. However, scores that are calculated at the time of the index operation (performed for the secondary peritonitis) and that heavily weigh parameters like patients' characteristics and intraoperative findings (MPI and CR-POSSUM) were not predictive for the need for relaparotomies overall, for relaparotomies on demand (ROD) or for the combined outcome parameter relaparotomy and/ or an interventional drainage (relaparotomy-intervention). This is in contrast to the study by Vermeulen et al. [12] who found a significant association of MPI with the need for reinterventions. In our study however, the APACHE II score, which uses physiologic parameters collected over a 24-hour period and a chronic health evaluation, fared much better than MPI and CR-POSSUM. A high APACHE II score was significantly associated with the need for any relaparotomy (p = 0.004), for ROD (p <0.001), and for relaparotomy-intervention (p = 0.046). A decision for a planned relaparotomy (PR) taken by a surgeon during the index operation will very infrequently be overruled; there- Values are medians with ranges in parentheses. ROD = relaparotomy on demand. Values are medians with ranges in parentheses. Sensitivity of the scores to predict any relaparotomy, a relaparotomy on demand (ROD), or mortality. n/s = not significant.
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Swiss Med Wkly. 2012;142:w13640 fore, a reliable scoring system might be particularly helpful in equivocal cases, i.e. for the prediction whether a ROD should be performed or not. In our series, sensitivity of APACHE II for prediction of ROD was found to be very good (75.8%); APACHE II might therefore be helpful for the decision-making concerning an eventual ROD. The high predictive value of scores capitalising on physiological parameters has previously been described. Van Ruler et al. [14] created a model to predict positive findings at relaparotomy for secondary peritonitis. Five out of six parameters in this model were postoperative (physiological) parameters. The authors therefore concluded that factors indicative of progressive or persistent organ failure during the postoperative period might be the best indicators. Paugam-Burtz and co-worker [15] retrospectively evaluated daily changes in the Sepsis-related Organ Failure Assessment (SOFA) score in 62 patients with postoperative peritonitis. SOFA is a physiological score quantifying the dysfunction of six organs [16] . Patients with relaparotomies were found to have persistently high SOFA scores over several days, while SOFA scores started to decrease on day 2 in patients that did not need relaparotomy [15] . Similarly, Koperna and Schulz [17] found significantly increased APACHE II scores in patients that had to undergo relaparotomy due to persisting intraabdominal infection. This study found slightly higher APACHE II scores in the relaparotomy group (average 20.7) than in our study (median 16), which is explained by the fact that patients with a "negative" relaparotomy (without intraoperative pathologic finding) were excluded from analysis in the publication by Koperna and Schulz. Consequently, the mortality rate was very high in the relaparotomy group (51%) [17] . Care must be taken when comparing publications only focusing on postoperative peritonitis to our patients' sample, which included secondary peritonitis due to (postoperative) anastomotic leakage, but also due to perforated diverticulitis, ischaemia and other sources, as patients with postoperative peritonitis tend to have higher APACHE II and MPI scores [18] . There is considerable debate in the literature whether patients with secondary peritonitis should undergo PR or rather ROD. We did not attempt to analyse this issue in our series. However, recent publications have investigated this topic. In a multivariate analysis on 96 patients with postoperative peritonitis, Mulier et al. [19] described that failure to control the peritoneal infection and, specifically, failure to control the septic source was always fatal and associated with high APACHE II scores. They recommend a PR strategy whenever the source control is uncertain. A meta-analysis based on eight observational studies showed a (non-significant) lower in-hospital mortality for patients with ROD than for patients with PR [20] . A retrospective analysis of 278 consecutive patients with secondary peritonitis by the same group confirmed these results: patients on a ROD strategy had a significantly better in-hospital and long-term survival than patients with a PR. The choice of treatment strategy was found to be an independent predictor of survival, while APACHE II score and MPI failed to be predictive for long-term survival [8] . Finally, the Dutch Peritonitis Study Group recently published the first randomised clinical trial comparing PR versus ROD [21] .
Two-hundred thirty-two patients with secondary peritonitis of any origin and an APACHE II score of ≥11 were randomly allocated to PR or ROD. Morbidity and mortality was not different in the two groups. However, patients in the ROD group had a significantly shorter LOS on the intensive care unit and in the hospital, and the medical costs were reduced by 23% in the ROD group [21] . Even though this study has been challenged based on statistical grounds [22] , it is the only randomised trial evaluating this issue to date. Additional to this evidence in favour of ROD, practice patterns by many surgeons are in favour of ROD as well [23] . In light of the current tendency toward ROD rather than PR, and in light of the data presented in this paper, the APACHE II score might be particularly helpful in predicting the need for relaparotomies. We would like to acknowledge the limitations of our study. First, it is a retrospective study. Scores can reliably be calculated retrospectively if all the pertinent information is available. If, infrequently, information on some parameters was missing, we assumed these parameters to be within the normal range. Thus, any "overscoring" was carefully avoided [9] . Therefore, our calculated scores are biased, if anything, in favour of "better" scores. For the CR-POSSUM score it has been shown that treating missing values as normal values will not influence the performance of the score [4] . Still, a prospective evaluation, preferably in a multicentre setting, is mandatory before the APACHE II score can be integrated into treatment algorithms. Second, out of a multitude of scores we had to limit our choice. However, care was taken to use exemplary scores focusing either on peritonitis (MPI) [1] , on physiological parameters (APACHE II) [2] or on colorectal surgery in general (CR-POSSUM) [3] . Third, it has been shown that some scores require a calibration process when being transferred from one country to another (e.g. CR-POSSUM from the UK to the USA) [4] . For our country, this calibration process has not been performed for any of the scores utilised. However, we assume the bias from this effect to be minor, and if present, to be in the same direction for all three scores. Fourth, during the time period described only a minority of patients were treated with interventional drainage (5.4%). Nowadays interventional drainage is an established and increasingly performed procedure for localised secondary peritonitis.
Conclusions
Relaparotomies are frequently necessary for patients with secondary peritonitis of colorectal origin. The APACHE II score, which uses physiologic parameters collected over a 24-hour period and a chronic health evaluation, might be helpful in predicting the need for relaparotomies, especially in equivocal cases. The other investigated scores were not helpful in this respect. Therefore, the usefulness of the APACHE II score should be evaluated prospectively, and only afterwards should this score be integrated into algorithms describing the treatment of secondary peritonitis of colorectal origin to minimise the inherent morbidity and mortality of this disease. 
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Figure 1
ROC curve. Sensitivity and 1-specificity for the prediction of a relaparotomy are plotted against each other for the different scores evaluated. At a cut-off score of 14 the APACHE II score shows a sensitivity and a specificity of 66.0%, and 54.6%, respectively.
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